Portland cement at different water -binder ratio (0.35, 0.40 and 0.45) or ordinary Portland cement at water -binder ratio of 0.35 incorporating 10% fly ash or 20% fly ash; 20% fly ash and 1% early strength agent, slag with the replacement of 15% or 30%, or 15% fly ash and 15% slag were made and exposed to a wetting-drying sulfate environment. The compressive strength of the specimens of concrete with gangue was measured. The effects of sulfate concentration, water-binder ratio, mineral admixtures and chemical additives on the compressive strength of the concrete were studied through the grey relational analysis. Grey prediction model was established to predict the strength development of the concrete with gangue subjected to sulfate environment. The results indicate that the importance degree of these effective variables from high to low is ranked according to water-binder ratio, solution concentration, test age, fly ash content, slag content, early strength agent content. Producing curbstone with coal gangue concrete conform to the requirements of the specification because its physical properties superior than normal concrete and the properties of antifreeze and sulfate attack resistance can meet the requirements of the municipal engineering. It can be found that not only significantly reduce costs and save raw materials, can also achieve waste recycling through the engineering application. So it can be obtained social and economic benefits. The grey prediction model shows enough precision to predict the strength development of the concrete with subjected to corrosion by sulphate.
INTRODUCTION
Pingdingshan coalfield is rich in coal resources, a lot of gangue is generated with the exploitation in the 50 years of mining process. There are 26 gangue mountains in mining area at present, about 294 million cubic metres of existing coal gangue, an area of 1418.63 acres. The stacking not only takes up a lot of farmland, but also pollutes the surrounding environment. Compared to the total coal gangue generated, despite there are some measures and progress about the use, the use is a limited number. Whether open up the application space of construction materials is a new idea, a new approach and a new method of expanding gangue "turning waste into treasure", which is the only way of the national sustainable development. On the basis of understanding the fundamental nature of coal gangue of the Pingdingshan Coal Group, this paper developed concrete with gangue whose main composition is gangue. This new type of green building materials is wanted to be used in the wall fill, drain and cover and so on.
In this paper, Concrete with gangue is made up by coal gangue which replaces part of gravel, fly ash and slag which replaces part of cement. Fly ash and slag are blended in concrete because of their micro-aggregate effect, morphological effects, volcanic ash effects, interface effects etc, which can reduce the porosity of concrete and improve the uniformity of the cement hydration products, which also makes the structure of cement denser and thus enhance the impermeability and durability of concrete [2] . On the other hand, the waste can be used. The durability of coal Concrete with gangue is researched, and the optimum mix is determined in this paper.
Deterioration of concrete structure subjected to subjected to corrosion by sulphate is commonly observed and has attracted concern of a large number of concrete technologists since its identification by U.S. Bureau of Reclamation in 1908. Sulfates diffuse into concrete and react with cement matrix including ettringite (AFm), the unhydrated tricalcium aluminate (C 3 A) and calcium hydroxide, which induces the expansion and cracking of concrete and the disintegration of cement matrix [1] .
Concrete strength has been widely studied as an important mechanic index to identify corrosion resistance. Loss of concrete strength exposed to sulfate environment was affected by various factors such as cation type, water to binder ratio, sulfate concentration , cement type and composition and so on [2] [3] [4] [5] .However, it is difficult to analyze the relations between concrete strength and various factors, and to establish a comprehensive model to predict the strength deterioration of concrete corrosion.
Grey system theory is useful to deal with poor, uncertain and complicated information. It overcomes many traditional statistical limitations such as large sample size and normal distribution. In this study, accelerated experimental method of wetting-drying sulfate attack was conducted to investigate the effects of sulfate concentration, water to binder ratio, mineral admixtures and chemical additives on the compressive strength of concrete. Grey relational analysis was used to solve the relation-ship between concrete strength and these factors. Then more important factors were chosen out to establish the multivariate grey prediction model GM(1,n) to predict the strength deterioration of concrete subjected to sulfate environment, and the service life of concrete was discussed based on this model.
II. RAW MATERIALS AND TEST METHODS

A. Raw Materials
1) Cement
This experiment adoptted ordinary portland cement (P.O 42.5) which products by Jiaozuo Strong Cement.
2) Stone
The stone used in this experiment is gravel, which is continuous graded, and the graded range is 5mm ~ 20mm. Completely dry, clay content slightly, which can be neglected. The physical properties are shown in Table 3 . 
3) Coal Gangue
The source is Tian Mine of Pingdingshan Coal Mine Group in Henan Province. The main chemical composition is shown in Table 4 and the diffraction pattern is shown in Figure 1 .
4) Sand
The sand used in the test is yellow sand, and the screening test results are shown in table 5, the fineness modulus is 2.94 which is medium sand. 
5) Fly Ash
The raw material is dry fly ash emission II from Yaomeng Power Plant in Pingdingshan, and the chemical composition is shown in Table 5 .
6) Slag
The slag is joined as admixture through producting cement by Jiaozuo Strong Cement plant and the chemical composition is shown in Table 6 .
7) Early Strength Agent
This experiment used calcium chloride as early strength agent.
III. GREY SYSTEM THEORY
A. Grey Relational Analysis
Grey relational analysis is one of the major directions of grey system theory. It can be used to effectively solve the complicated relationship between the main factor and the other factors in a given system through the optimization of grey relational grades [6] . Grey relational analysis can be described as follows.
Let the reference sequence be
Relative sequences can be denoted as ( (1), (2), , ( )), 1, 2, , .
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B. GM(1,n) Modeling
GM(1,n) modeling is also one of the major directions of grey system theory. It is used to deal with 1 order differential equation with n variables. The modeling procedure of GM (1,n) can be described as follows.
Let initial sequences be
( (1),
,
Normalize the sequences to ensure that all of them are in the same order, and the normalized sequences can be described as
, 1,
 2, , n . The prediction equation of GM (1, n) can be denoted as: 
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To evaluate the prediction performance, this study uses the mean absolute percentage error e(avg),which can be defined as:
e(avg)<20% means the prediction performance is reasonable, and e(avg)<10%means the prediction performance is excellent.
IV. EXPERIMENT
A. Concrete with Gangue Proportions
Firstly, Using cement, sand, stone, gangue, fly ash and early strength agent to develop Concrete with gangue. Gangue is partly replaced by gravel. Then, selecting fly ash as a mineral admixture partly replaces cement. Mixture proportions in concretes are listed in Table 7 . Seven different binders were used in this study: 100% cement, 90% cement-10% fly ash, 80% cement-20% fly ash, 80%cement-20% fly ash-1%early strength agent, 85% cement-15% slag, 70%cement-30% slag and 70% cement-15%fly ash-15% slag. A 0.32 water-binder ratio was used for these concrete. For 100% cement set, two additional concrete mixtures at water to binder ratio of 0.40 and 0.48 were prepared.
B. Experimental Procedure
Concrete with gangue (100 mm×100 mm ×100 mm) was made and cured until 28 d in accordance with the standard curing method described in GB/T 50081-2002.Before exposure to the cyclic sulfate environment, compressive strength of concrete specimens was measured.
Then concrete with gangue specimens was exposed to the cyclic sulfate environment. One cycle was composed of drying at 80 °C for 6h, cooling to room temperature for 1 h, exposure to the 10% Na2SO4 solution (one of the two 100% OPC sets of 0.32 water-binder ratio was exposed to 5% Na2SO4 solution) at (20±3)°C for 16h and airing at room temperature for 1 h. The container of the Na2SO4 solution was sealed. The solution was mixed everyday with constant regulation. The sulfate solution was refreshed every 7 cycles. Compressive strength of concrete was conducted every 50 cycles.
C. Results and Discussion
1) Grey Relational Analysis Between Effective Variables and Compressive Strength
Compressive strength of concrete with gangue specimens subjected to wetting-drying sulfate exposure is shown in Table 8 . Then original data are applied to establish sequences. Let the reference sequence be x0 (compressive strength). Relative sequences are denoted as x1 (test age), x2 (fly ash content), x3 (slag content), x4 (early strength agent), x5 (solution concentration) and x6 (water to binder ratio).
Normalized sequences can be described as Table 9 . It can be indicated that the importance degree of these effective variables is ranked by y 6 (water-binder ratio)>y 5 (solution concentration)>y 1 (test age)>y 2 (Flay ash content)>y 3 (slag content)>y 4 (early strength agent content). The grey relational grade between water to binder ratio and the compressive strength of concrete with gangue is the highest, which means that the water-binder ratio is closely related to corrosion by sulphate of concrete with gangue. The relatively high grey relational grades between compressive strength and solution concentration or test age signify that the sulfate concentration and the immersion duration of concrete into sulfate environment are also important for the deterioration rate of concrete. The grey relational grades between compressive strength and the content of fly ash or slag are relatively low, so the incorporation of fly ash and slag in concrete is not the key factor to affect the sulfate resistance of concrete with gangue. The content of early strength agent has a lowest grey relationship with the compressive strength of concrete with gangue, which indicates that the adding of early strength agent is insignificant for the sulfate resistance of concrete with gangue.
2) Prediction of the Deterioration of Concrete Strength
Based on results of the grey relational analysis, more important variables affecting compressive strength of concrete with gangue exposed to the sulfate environment, including test age, fly ash content, slag content, solution concentration and water to binder ratio, are chosen out to establish the multivariate grey prediction model GM(1,n)to predict the strength deterioration of concrete subjected to sulfate environment. After original data are normalized, matrixes B and y n are generated. Due to m>n+1, P n is obtained through the formulation . Then prediction sequence can be obtained through Eq. (4),which is compared with the normalized reference sequence shown in Table 10 . Then, 
D. The Performance of Concrete with Gangue
Gangue concrete was made according to the optimal proportion of given test conditions. The apparent density, compressive strength of 28d, elastic modulus of 28d, the loss of elastic modulus after freezing and thawing, the loss of compressive strength after sulfate erosion and chloride ion permeability were tested. Compare it with plain concrete and the results as follows in table 11.
It is shown from table 11 that the performance of prefabricated with coal gangue concrete is superior than plain concrete.
E. The Technical Characteristics of the Coal Gangue Concrete Curb
The 30 MPa cement concrete road curb is replaced by coal gangue concrete curb with dimension of 240mm×300mm×1000mm. In consideration of the strength, durability and freezing-thawing resisting performance, investigate several indicators through tests and the results as follow table 12.
It is shown from above table that each technical performance index of coal gangue concrete curb all meet the concrete curb (JC899-2002 ) specified requirements.
F. Analysis of the Benefit of the Prefabricated with Coal Gangue Concrete
The economic benefit of coal gangue concrete curb is remarkable. Comparison with plain concrete curb, coal gangue concrete curb can save 50 RMB per mile and about 4000 RMB per kilometer because its costs is low and easily controlled. The beneficial comparison of coal gangue concrete curb and plain concrete that was used in reconstruction of south circular road is listed in table 13.Coal gangue 0.37 m3 was consumed when produce coal gangue concrete curb m3 by calculated. It can consume a large amount of coal gangue if mass production. It is remarkable to resolve the waste of gangue.
G. Mechanism Analysis
The water-cement ratio is 0.53, sand ratio is 56%, and super plasticizer takes up 0.75% of cementitious materials in figure 2, 3, 4 . In figure 1 , the gangue concrete is not mixed with slag and fly ash. In figure 2 , the concrete is mixed with slag and fly ash, and is not corroded by sulfate. In figure 3 , the concrete is mixed with slag and fly ash, and is corroded by sulfate. In Figure 1 , C-S-H gel of network and plate, a small pile of island structure of the hydration of garnet (hydrated calcium silicate and hydrated calcium aluminate) are not obviously found out. In figure 2 , the small needle-like needle-like area of distribution is concentrated which is less than figure 2, not much difference between the two figures. Because fly ash and slag has the gray activity, and they can be used to fill the pores and block pore connectivity.
The C-S-H gel hydration which is produced by hydration and the gangue stones are nested together to form a good overall structure of interfacial adhesion, which improves adhesion of the interface and makes the system have a higher intensity. At the same time as the addition of slag, the CA (tricalcium aluminate) of the concrete is diluted [4] , thereby reducing the product expansion such as ettringite and enhancing the ability of resisting sulfate corroding of concrete. ash replacement 20%of cement, slag replacement 10%of cement.
SEM analysis is carried on ordinary gangue concrete, the gangue concrete which is mixed with slag and fly ash and the gangue concrete which is corroded by sulfate. The impact of the gangue concrete which is corroded by sulfate is not too great.
Extensive use of industrial waste such as gangue, fly, ash, slag is possible, which also can meet the strategic objectives of sustainable development, and have broad development prospects.
V. CONCLUSION
Grey system theory was applied to analyze the relationship between the compressive strength of concrete with gangue under the sulfate exposure and some variables such as sulfate concentration, water-cement ratio, mineral admixtures and chemical additives, and to predict the strength retrogression of concrete with gangue subjected to sulfate environment. The following conclusions can be drawn: the importance degree of these effective variables from high to low is ranked by water-binder ratio, solution concentration, test age, fly ash content, slag content, early strength agent content.
The following conclusions can be drawn: Producing curbstone with coal gangue concrete conform to the requirements of the specification because its physical properties superior than normal concrete and the properties of antifreeze and sulfate attack resistance can meet the requirements of the municipal engineering. It can be found that not only significantly reduce costs and save raw materials, can also achieve waste recycling through application. So it can be obtained social and economic benefits.
